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Abstract — Design guidelines are provided to improve the
thermal stability of three-finger bipolar transistors. Experiments
and simulations are conducted on silicon-on-glassJBs varying
the topography of the three fingers, type of isoladn, and
eventually adding AIN heatspreaders. This resultsnto a change
in selfheating and mutual thermal resistances, whit are
extracted through accurate 3-D numerical simulatios. To avoid
strong asymmetries between the mutual thermal resiances of
two adjacent fingers compared to two non-adjacentifigers, a
‘hexagonal’ topography is proposed.

INDEX TERMS — Aluminum nitride, bipolar junction transistor,
heatspreaders, multifinger device, silicon-on-glass

|I. INTRODUCTION

In many circuit applications, transistors have ¢odesigned
to handle an appreciable amount of current. Inlhiganction
transistors (BJTs), due to the nonuniform voltagepdn the
base resistance, phenomena like the emitter crgadihcan
strongly affect the behavior of the device. The neftective

recently experimental evidence of the current itistion in
such devices has been reported [10].

In this contribution, alternative design layoutse ar
experimentally analyzed for three-finger BJTs. &hii
structures are fabricated and measured; all thévichal
collector currents are monitored simultaneouslyomder to
analyze the electrothermal behavior of each eleangnt
transistor and investigate the difference betweéyaut and
the others. The discussion is supported by 3-D nthkr
simulations.

Il. EXPERIMENTAL MATERIAL AND SIMULATION APPROACH

A. Test structures

The measurements presented in this work are peefbron
silicon-on-glass NPN bipolar junction transistofsl]] Such
devices are in fact suitable for a throughout etebermal
analysis since the whole active area is surrourmegoor
thermally conductive materials (like silicon oxidsilicon
nitride, and glass) that lead to very high thernesistance if

approach is to resort to emitter regions with a hhigoPportune technological precautions are not tak&h [All the

perimeter/area ratio, and in particular to seveeatitter
stripes, connected electrically by metallizatiord aseparated
by interspersing base contacts. Devices with suabmgtry
are known as multifinger transistors.

In modern devices, aggressive isolation schemest iasan
augment of the thermal resistance of the transistas a
consequence, selfheating and thermal coupling antbeg
individual transistors (fingers) can produce |laoadi hot spots
in multifinger devices — as well as, more in gehena a
complex circuitry — that may cause loss of relifpiland
eventually lead to device burnout.

Although the behavior of single- and two-finger digr
transistors has been object of extensive study{gR]the
electrothermal analysis of multifinger BJTs hasereed a
reduced attention in literature, yet limited to dhatical

analysis and analytical approach [5], [7], [8]. 916 the case

of three-finger bipolar transistors as well [9],daonly very

Laboratory of Electronic Components, Technology &titials (ECTM),
Delft Institute of Microsystems and Nanoelectroni¢(®IMES), Delft
University of Technology, P.O. Box 5053, Feldmangwg, 2600 GB Delft,

The Netherlands. Email:laspina@tudelft.nl Phone: +31-15-2782185; fax:

+31-15-2622163.
’Department of Electronics and Telecommunicationsgif&ering,
University of Naples Federico I, via Claudio 20125 Naples, Italy.

elementary transistors that form the overall minlgér

structure presented in the following have an emittea of
1x20pum?; they are made in a 0.94n-thick silicon island and
are insulated by each other by means of trenchésnction

isolation. All the BJTs are NPNs with a currentrgaf about
100 and a description of the three-finger structwensidered
in this work is given in Table I.

The measurements are performed on a Cascade probe

station, equipped with a thermo-chuck, with an Agil4156C
parameter analyzer and an HP41501 SMU and pulseraten
expander.

When used, AIN is deposited directly on the firsttah
layer of NPN silicon-on-glass bipolar transistarghe manner
described in [12], [13].

B. Simulation method

Pure thermal 3-D simulations performed in Comsd| fdre
used to extract the matrix of thermal resistanaas each
structure. The simulation approach adopted in tloekws
described in details in [15]. However, here theuaacy of the
simulations has been improved increasing the nundfer
elements of the mesh to be simulated. Furthermte,
simulations have been performed for a larger nunabeest
structures and the maximum error between measutsraed
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TABLE I.
DETAILS OF THE THREEFINGER TEST STRUCTURES PRESENTED IN THIS WORK

Device Isolation| Si area [un?] Center-to-qenter d.istance between Topography AIN. heatspreader
two adjacent fingers [um] thickness [um]
T32-HOR Trench 3x(1x20) 32 Horizontgl 0
T15-VER Trench 3x(1x20) 15 Vertical 0
T32-HOR-2AIN | Trench 3x(1x20) 32 Horizontgl 2
T15-VER-2AIN [ Trench 3x(1x20) 15 Vertical 2
J62-HOR Junctior] 1800 62 Horizontgl 0
J38-HEX Junction 1855 38 Hexagonhl 0

simulations has been found to be lower than 10%llinhe
cases. Also, the metal lines are kept into accognthore
precisely than in [15], since the mask layout ipamted in
Comsol and used to build directly the structuresitoulate.
The values of thermal conductivity employed areorgg in
Table II.

Separately switching on each of the three heatcssuthat
represent the elementary transistors, it is passthextract the
values of the selfheating and mutual thermal rascsts from
the temperature mapping obtained, an example ottwrd
given in Fig. 1 for the device with hexagonal toraguhy J38-
HEX. For all the devices studied in this work, tedues of
both selfheating and mutual thermal resistancesxdoby
simulations are reported in Table III.

TABLE II.
THERMAL CONDUCTIVIES Ky OF THE MATERIALS USED IN THE3-D FEM
SIMULATIONS.

Material Kty [Wm?K™)
Glass 0.6
Glue 0.6
Sio, 1
SiN, 1

Si 140
Al 200
AIN 28

Fig. 1. Simulated temperature mapping of the tstos)38-HEX.

I1l. RESULTS ANDDISCUSSION

Fig. 2 shows microscope images of trench-isolatedet
finger silicon-on-glass NPN BJTs in horizontal [F&(a)] and
vertical [Fig. 2(b)] topography. As can be readlable |, the
distances between the centers of two adjacent atamye
transistors are 32 and 18n for the horizontal and vertical
topography, respectively. This means that the enitch is 12
and 14 um for the horizontal and vertical arrangements,
respectively, since each emitter stripe is 1x@6.

Fig. 2. Trench-isolated three-finger silicon-onsg@JTs in (a) horizontal and
(b) vertical topography.

Observing Fig. 3(a), the improvement of the veltica
arrangement, from the thermal standpoint, is matgiompared
to the horizontal layout for fully-isolated devicésom an exam
of the thermal resistances (Table Ill), in the devi32-HOR
the elementary transistor #3 has the highest ssifiee
resistance and is the one which takes the biggesumt of
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TABLE Il
THERMAL RESISTANCES OF THREEFINGER BIPOLAR TRANSISTORS AS IN TABLE.

Device Rth1a Rrhze Rthas Rrh12= Rruz Rth13= Rrha1 Rth2s= Rrha
[K/W] [K/W] [K/W] [K/W] [K/W] [K/W]

T32-HOR 20496 19332 21315 6744 3054 5619
T15-VER 18305 16532 17857 7902 4724 7716
T32-HOR-2AIN 6698 6701 6895 3382 2215 3363
T15-VER-2AIN 6593 6340 6482 4123 3172 4113

J62-HOR 15380 12697 15712 5642 2945 5784
J38-HEX 13563 13464 13635 8362 8444 8376

current after the onset of thermal instability; lwithe same
argument, it is possible to explain why the hotfiegjer results

horizontal topography, the mutual thermal resistaf;s
between the two non-adjacent fingers is almost dfathat of

to be the element #1 in the device T15-VER. WhelN Altwo adjacent fingers. For J38-HEX, instead, duda¢onature of

heatspreaders are absent, indeed, the separatiomiotlividual
currents can be triggered by small asymmetries, like
instance, the different distance of each finger mared to the
metal lines/bondpads (i.e., in turn, asymmetries tire
selfheating thermal resistances of the fingers)fabt, in the
case without heatspreaders, the metal lines/bosdeptdesent a
preferential path for the heat to be transferrednfthe active
device area.

When AIN heatspreaders are employed, as illustrated
Fig. 3(b), if compared to the horizontal situatiche thermal
coupling is beneficially enhanced in the verticabidn (solid
lines), despite the slightly bigger emitter pitElhom Fig. 3(b), it
can be also noticed that the central finger belaeshighest
current, since it is affected by the proximity béttwo external
elementary transistors. Due to
heatspreading layers, the values of selfheatingrmie
resistances are much lower than those of the gmmneing
devices without heatspreaders (see Table IlI), aneir
asymmetries do not play a dominant role on thetarfdbermal
instability.

Fig. 4 shows, instead, microscope images of jundolated
three-finger BJTs, with comparable total siliconear(see
Table 1), in horizontal [Fig. 4(a)] and so-calledekxagonal’
[Fig. 4(b)] topography. In this latter situatiomet elementary
transistors are placed on a silicon area confingtirwtwo
concentric regular hexagons, which are the borddrshe
trenches. Measurements for both situations, fodthéces J62-
HOR and J38-HEX, are reported in Fig. 5, where itle¢ar that
the second case (solid lines) is much more theyrstdble than
the horizontal topography (dashed lines). This banalso
deduced by the analysis of the thermal resistaremsrted in
Table lll. Firstly, the selfheating thermal resigta of the
elementary transistor #2 in the structure with Zurtal
topography J62-HOR is considerably lower, almoSt2than
that of the external fingers. This is due to tha fhat the finger
in the middle can benefit from a much larger diseafrom the
trenches than the other fingers. On the contrarg,is not the
case of the device J38-HEX, where the spreadinghef
selfheating thermal resistance among the threeerfings
confined within about 1%. Secondly, for the deviagth

the presence of AIN

the geometry, all the values of the mutual thermalstances
Rrj (with i#) are very close.
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Fig. 3. Measured individual collector currents werthe total collector current
lcror for layouts as in Fig. 2: (a) fully-isolated trasters without any
heatspreader, (b) with the addition ofi®-thick AIN heatspreader.
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Furthermore, in Fig. 5, it can be seen, as alreedgd also
for trench-isolated devices without heatspreadeig. [3(a)],
that the highest individual collector current imtied by the
finger with the highest selfheating thermal resist@a
(number #3); such asymmetry intR is due to small
differences among the elementary transistors, ithat.g., the
slightly different position of each finger with mect to the
metal lines and bondpads.

Fig. 4. Junction-isolated three-finger silicon-dasg BJTs in (a) horizontal
and (b) hexagonal topography.
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Fig. 5. Measured individual collector currents wsrthe total collector current [15]

Icrot for layouts as in Fig. 4.

[V. CONCLUSIONS

An experimental analysis of three-finger bipolansistors
has been performed. Suitable test structures hasen b
fabricated with different types of isolation andogeetry, as
well as with or without AIN heatspreading layers.drder to
improve the thermal stability, much more uniformues of
selfheating and mutual thermal resistances can dbée\aed
adopting symmetrical layouts of the individual sitors that
form the three-finger device. A design where théttemfingers
lie on the three sides of a regular hexagon is estgd. The
clear improvement in terms of electrothermal perfance has
been shown by means of experimental results arstemtiated
through detailed 3-D thermal-only simulations teapply the
value of the thermal resistance matrix.
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